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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the semiconductor device characterized by having the process 
which makes the shape of a layer carry out epitaxial growth of the germanium film on a silicon 
substrate, the process which forms in the upper part of this germanium film the enveloping layer which 
consists of silicon or silicon germanium mixed crystal, and a heat treatment process. 
[Claim 2] the process which makes the shape of a layer carry out epitaxial growth of the 1st germanium 
film on a silicon substrate — this ~ the manufacture approach of the semiconductor device characterized 
by having the process which forms in the upper part of the 1st germanium film the enveloping layer 
which consists of silicon or silicon germanium mixed crystal, a heat treatment process, and the process 
which makes the upper part of this enveloping layer carry out epitaxial growth of the 2nd germanium 
film to the shape of a layer. 

[Claim 3] The process which makes the shape of a layer carry out epitaxial growth of the 1st germanium 
fihn on a silicon substrate, this ~ with the process which forms in the upper part of the 1st germaniimi 
fibn the 1st enveloping layer which consists of silicon or silicon germanium mixed crystal The 1st heat 
treatment process and the process which makes the upper part of this 1st enveloping layer carry out 
epitaxial growth of the 2nd germanium film to the shape of a layer, this - the manufactiu-e approach of 
the semiconductor device characterized by having the process which forms in the upper part of the 2nd 
germanium fihn the 2nd enveloping layer which consists of silicon or silicon germanium mixed crystal, 
and the 2nd heat treatment process. 

[Claim 4] The manufacture approach of the semiconductor device according to claim 1, 2, or 3 
characterized by the stratified fihn which grows on a silicon substrate being silicon germanium mixed- 
crystal film. 

[Claim 5] The manufacture approach of a semiconductor device given in any 1 term of claims 1-4 
characterized by forming a silicon layer on the maximum upper germaniimi film or the maximum upper 
covering fibn. 

[Claim 6] The manufacture approach of the semiconductor device according to claim 5 characterized by 
forming an electrode by doping boron, Lynn, or arsenic into the maximum upper sihcon layer. 
[Claim 7] Si device used as a driver or amplifier is arranged on Si substrate front face. After etching Si, 
forming a slot and covering parts other than a groove bottom side by silicon oxide or the siUcon nitride 
from this substrate front face, By turns GeH4 and C12 according to or the process 1 which supplies 
Si2H6, and GeH4 and C12 by turns Form alternatively germanium layer or the Sil-XGeX layer used as a 
Ught sensing portion all over a slot, and Si layer is alternatively formed all over a slot according to the 
process 2 which supplies Si2H6 and C12 by turns. Or the light sensing portion which consists of two or 
more layers with Si layer, germanium layer, or an Sil-XGeX layer by repeating a process 1 and a 
process 2 fiirther is alternatively formed all over a slot, then Si2H6 and B-2s H6 and C12 - altemation - 
Si2H6, and PH3 and C12 - altemation - or by supplying Si2H6, and arsenic and C12 by tums [ or ] The 
manufacture approach of a semiconductor device given in any 1 term of claims 1-6 characterized by 
forming an electrode layer alternatively all over a slot. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a semiconductor device, 
especially the method of carrying out epitaxial growth of the semiconducting crystal of germanium or 
silicon germanixmi mixed crystal on a silicon substrate. Furthermore, it is related with the manufacture 
approach of the bipolar transistor using SiOEIC, germanium, and silicon germanium mixed crystal 
which really form the photo detector which has sensibility in wavelength, such as 0.98 micrometers and 
1.3 etc. micrometers, on LSI of silicon. 
[0002] 

[Description of the Prior Art] It is silicon and germaniimi or the hetero epitaxial structure of siUcon and 
silicon germaniimi mixed crystal attracts attention as an ingredient which raises the property of a hetero 
BAIBORA transistor or an optical element by leaps and bounds. Then, to form crystalline good hetero 
structure is tried by vapor growth, such as CVD and MBE. 

[0003] The germanium on a silicon substrate having about 4% of stacking fault affinity (misfit), and 
having the growth format of a SUTORAN skiing class TANOFU (Stranski-Krastanov) mold is known. 
Although it grows epitaxially in the shape of a layer and the front face of the fihn is flat in early stages 
of growth, if the thickness exceeds about 3 atomic layers, the island structure of germanium v^U come to 
be formed in a front face, and the surface smoothness on the front face of the film will be spoiled 
remarkably. Furthermore, from the edge of a germanium island, a misfit rearrangement is introduced 
and the rearrangement (called a penetration rearrangement) through which it especially pierced in the 
thickness direction in the fibn is formed. In order to remove island-izing and the penetration 
rearrangement of such germanium as much as possible, J.M.Baribeau and others has tried the approach 
of making elevated-temperature growth and subsequent elevated-temperature heat treatment removing a 
penetration rearrangement out of the fihn, in paper J. Vac Sci.Technol.AS (4) and 1898 (1987). 
Moreover, since island-izing and penetration rearrangement installation can also be controlled by 
making silicon mix into a germanium layer and making it silicon germanium mixed crystal A. Kastalsky 
and others The paper Symposium of the 1st International In Symposium on silicon Molecular Beam 
Epitaxy, edited by J.C.Bean (ElectrochemicalSociety, Pennington, NJ, 1985), and P.406 The buffer 
layer which changed the mixed-crystal ratio to right above [ of an III-V substrate ], and a superlattice 
layer are inserted, and the germanium layer with few penetration rearrangements is formed in the upper 
part. 

[0004] Moreover, as the formation approach of a Si/SiGe superlattice layer of having a flat interface, 
Igarashi etc. formed the SiGe layer on Si substrate below by the critical thickness in which rough 
NINGU occurs, and has proposed the approach of forming the enveloping layer of Si on this SiGe front 
face continuously first as indicated by the 174th page of the collection first separate volume of the 56th 
Japan Society of Applied Physics academic lecture meeting lecture drafts. However, this approach is the 
approach of forming the Si/SiGe distortion super-latticed layer which carried out lattice matching to Si 
substrate, and is not the approach of formmg a thin film without the penetration rearrangement of 
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germanium which carried out grid relaxation, or SiGe on Si substrate. 
[0005] 

[Problem(s) to be Solved by the Invention] the above ~ even if it carried out with which approach, the 
distortion resulting from misfit with a silicon substrate which cannot remove completely the penetration 
rearrangement in the germanium film or the silicon germanium mixed-crystal film, and cannot make a 
fihn front face flat on atomic level, but exists in the germanium film made to form further or the silicon 
germanium mixed-crystal film was not able to be made to ease completely The heterogeneity of such 
membrane structure is harmfiil after the device which led to the increment in leakage current etc. and 
was produced with the application of it property improving. 

[0006] Then, the purpose of this invention removes such a conventional fault, and there is no penetration 
rearrangement into the fihn, and it is to offer the approach of growing up the germanium film or silicon 
germanium mixed-crystal fihn with a flat front face which carried out grid relaxation completely on a 
silicon substrate. 
[0007] 

[Means for Solving the Problem] this invention persons completed this invention, as a result of repeating 
various examination, in order to attain the above-mentioned purpose. 

[0008] The 1st invention relates to the manufacture approach of the semiconductor device characterized 
by having the process which makes the shape of a layer carry out epitaxial growth of the germanium 
fihn on a silicon substrate, the process which forms in the upper part of this germanium film the 
enveloping layer which consists of silicon or silicon germanium mixed crystal, and a heat treatment 
process. 

[0009] the process to which the 2nd invention makes the shape of a layer carry out epitaxial growth of 
the 1st germanium film on a silicon substrate - this ~ it is related with the manufacture approach of the 
semiconductor device characterized by having the process which forms in the upper part of the 1st 
germanium fihn the enveloping layer which consists of siUcon or silicon germanium mixed crystal, a 
heat treatment process, and the process which makes the upper part of this enveloping layer carry out 
epitaxial growth of the 2nd germanium fihn to the shape of a layer. 

[0010] The process to which the 3rd invention makes the shape of a layer carry out epitaxial growth of 
the 1st germaniiun film on a silicon substrate, this — with the process which forms in the upper part of 
the 1st germanium film the 1st enveloping layer which consists of silicon or silicon germanium mixed 
crystal The 1st heat treatment process and the process which makes the upper part of this 1st enveloping 
layer carry out epitaxial growth of the 2nd germanium fihn to the shape of a layer, this ~ it is related 
with the manufacture approach of the semiconductor device characterized by having the process which 
forms in the upper part of the 2nd germanium film the 2nd enveloping layer which consists of silicon or 
silicon germanium mixed crystal, and the 2nd heat treatment process. 

[001 1] The 4th invention relates to the 1st characterized by the stratified film which grows on a silicon 
substrate being silicon germanium mixed-crystal fihn, the 2nd, or the manufacture approach of the 
semiconductor device the 3rd invention. 

[0012] The 5 th invention relates to the manufactxu-e approach of the semiconductor device the 1st 
characterized by forming a silicon layer on the maximum upper germanium fihn or the maximimi upper 
covering fihn - one of invention of the 4th. 

[0013] The 6th invention relates to the manufacture approach of the semiconductor device the 5th 
invention characterized by forming an electrode by doping boron, Lynn, or arsenic into the maximum 
upper silicon layer. 

[0014] The 7th invention arranges Si device used as a driver or amplifier on Si substrate front face. After 
etching Si, forming a slot and covering parts other than a groove bottom side by silicon oxide or the 
silicon nitride from this substrate front face, By turns GeH4 and C12 according to or the process 1 which 
supplies Si2H6, and GeH4 and C12 by turns Form altematively germanium layer or the Sil-XGeX layer 
used as a light sensing portion all over a slot, and Si layer is altematively formed all over a slot 
according to the process 2 which supplies Si2H6 and C12 by turns. Or the light sensing portion which 
consists of two or more layers with Si layer, germanium layer, or an Sil-XGeX layer by repeating a 
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process 1 and a process 2 further is alternatively formed all over a slot, then Si2H6 and B-2s H6 and C12 

-- alternation - Si2H6, and PH3 and C12 - alternation or by supplying Si2H6, and arsenic and C12 by 
turns [ or ] It is related with the manufacture approach of the semiconductor device the 1st characterized 
by forming an electrode layer altematively all over a slot - one of invention of the 6th. 
[0015] 

[Embodiment of the Invention] The principle of this invention is explained taking the case of the case 
where the germanium film is grown up, on a silicon substrate. Growth of the germanium on a silicon 
substrate has the growth format of the Stranski-Krastanov mold which forms island structure in the 
upper part after stratified growth, as stated also in advance. If this phenomenon makes a growth front 
face carry out coincidence adsorption of the hydrogen and the diffusion length of germanium is 
shortened in order to be dependent on the diffusion length of the germanium atom on the silicon 
substrate surface under growth for example, it can obtain the germanium fibn of the shape of a layer 
which grew epitaxially on the silicon substrate. Although such film needs subsequent heat treatment 
since relaxation of misfit distortion is not made completely and a penetration rearrangement exists, the 
layer-like germanium fihn will change to island structure again with heat treatment. This is because the 
compressive strain remains in the stratified germanium film. 

[0016] On the other hand, when the firont face of the germanium fibn of the shape of a layer which this 
invention person did in this way, and was formed was covered with silicon or siUcon germanium mixed 
crystal and having been heat-treated, the germanium film did not become island structure, namely, 
surface surface smoothness was held, localization of the rearrangement for moreover easing misfit 
distortion was carried out to the interface, and it found out that a penetration rearrangement did not 
remain in the film. 

[0017] Formation of such structure is based on the following principles. The stratified germanixmi film 
13 is formed on a silicon substrate 12 at drawing 1 (a), and the structure section Fig. when forming the 
enveloping layer 1 1 which consists of silicon or silicon germanium mixed crystal on the firont face is 
shown. In that case, it exists in the interface of a silicon substrate and the stratified germanium film, 
many the defects 14, i.e., the grown-in defect, formed of growth of the adhesion mold with which the 
diffusion length of the germanium atom under growth originates in a short thing, and the part serves as 
the penetration rearrangement 15. The structure after heat treatment of such a laminated structure is 
shown in drawing 1 (b). Of heat treatment, edge dislocation (the hamburger spectrum showing the 
slippage and direction of a rearrangement is a perpendicular rearrangement to the direction which a 
dislocation line runs) 16 is formed by using as a nucleus the grown-in defect 14 which existed in the 
interface of a silicon substrate 12 and the stratified germanium film 13. In that case, localization of them 
is carried out to an interface, the misfit distortion of silicon and germanium is arranged in the shape of 
cross hatching with spacing eased completely, and the penetration component is removed out of a 
crystal. Furthermore, since the small enveloping layer is formed in the fi-ont face of the stratified 
germanium fihn witii which the compressive strain remained for the lattice constant compared with 
germanium, tensile stress is added and island-ization of the germanium fihn xmder heat treatment is 
controlled. 

[0018] If the above principle is followed, there will be no penetration rearrangement into the film and it 
will become possible to grow up the flat germanimn fibn which carried out grid relaxation completely of 
a front face on a silicon substrate. 
[0019] 

[Example] Hereafter, although an example explains this invention further, this invention is not limited to 
ttiese. 

[0020] Here, the ultra-high- vacuum vapor growth (UHV-CVD) equipment of uhimate- vacuum 1x10- 
lOTorr was used. The 6 inches p-type silicon (100) substrate was used for the sample wafer. In the 
material gas of silicon, germanium used germane (GeH4) 100% using the disilane (Si2H6) 100%. Initial 
substrate surface cleaning removed the natural oxidation fihn after washing for 10 minutes in the 
penetrant remover (NH4 OH:H2O2:H2O=l:4:20) by HF processing (HF:H2O=l:30, processing-time 40 
seconds, and rinsing 2 minutes). Furthermore, 800 degrees C and defecation annealing for 3 minutes 
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were performed among the vacuum within the UHV-CVD system before growth. 
[0021] germanium layer whose thickness is 200 A was grown up whenever [ one example board 
temperature ] in 330 degrees C, GeH4 flow-rate 20sccm, and growth time amount 40 minutes, and 
thickness fomied the SiGe layer (cap layer (enveloping layer)) lOA or less in the substrate temperature 
of 330 degrees C, GeH4 flow-rate 20sccm, Si2H6 flow-rate Isccm, and growth time amount 5 minutes. 
Then, the range of 680-degree C substrate temperature was heat-treated Avithin the UHV-CVD system 
for relaxation of distortion (annealing). It is desirable to perform heat treatment in 430-730 degrees C. 
[0022] The existence of a SiGe cap layer shows a SEM photograph [ condition / of germanium film after 
anneaUng for strain relaxation / drawing 2 ] (it heat-treats at 680 degrees C for 10 minutes), (b) is the 
case where a cap layer is formed and (a) imderstands the difference in surface morphology for it clearly, 
when there is no cap layer. By preparing and annealing a SiGe cap layer on the front face of germanium 
fihn, surface morphology was good and the flat fihn was formed. 

[0023] Next, the relation between island-izing, and germanium thickness and annealing temperature is 
described. Drawing 3 is a graph which shows these relation. The growth conditions of the substrate 
temperature of 330 degrees C, GeH4 flow-rate 20sccm, and a SiGe cap layer of the growth conditions of 
germanium layer (relaxation layer) are GeH4 flow-rate 20sccm, Si2H6 flow-rate Isccm, and growth 
time amount 5 minutes. Itizes [ with the annealing temperature of 730 degrees C / island-] a front face in 
400A and is flat although germanium thickness will island-ize with the annealing temperature of 580 
degrees C by lOOA. Even if it makes annealing temperature high in the case where germanium fihn is 
stacked thickly, it can choose out of this result in the range of the temperature which does not island-ize, 
but it turns out that a front face is flat, and germanium thickness and annealing temperature are the range 
which is not island-ized, and is permitted by that device, and thickness. 

[0024] Moreover, since it will become the generation source of a rearrangement in forming germanium 
thickly further on this fihn although not island-ized to an elevated temperature by the thinner film if 
thickness of a cap layer is thickened, 5-20A is suitable for the thickness of a cap layer in that case, 
[0025] Next, a cap layer is formed in germanium fihn which grew at low temperature, and the result 
observed by TEM about the crystallinity of germanium fihn when changing subsequent annealing 
conditions is described. Drawmg 4 (a) - (c) is the TEM photograph of the cross section of the sample 
which performed annealing for 680 degree-C-10 minutes before annealing for 430 degree-C-10 minutes, 
respectively. An island is not formed in a front face for thickness by about 21 OA, but the sample in front 
of annealing (a) is the comparatively flat film. This is because the hydrogen which stuck to the front face 
suppressed the surface difiRision of germanium atom and controlled island-ization during growth. 
However, crystallinity is understood that it is bad and there are many penetration rearrangements. 
Thickness is about 250A by the sample in which drawing 4 (b) annealed the sample of drawing 4 (a) for 
10 minutes at 430 degrees C. It turns out that the misfit rearrangement of an interface increases as 
compared with (a), and the penetration rearrangement is decreasing. Drawing 4 (c) is the sample which 
annealed ****** of drawing 4 (a) for 10 minutes at 680 degrees C, and thickness is about 190A. It turns 
out that localization is carried out only at the place whose rearrangement is an interface, and the 
crystalline good fihn was obtained compared with drawing 4 (a) and the sample of (b). Drawing 4 (a) 
From - (c), by annealing shows that a misfit rearrangement arises and a penetration rearrangement 
decreases. Furthermore, annealmg temperature is the range which is not island-ized and it turns out that 
it is so good that it is high. 

[0026] Drawing 5 is an X diffraction spectrum before and behind annealing. The peak of the sample in 
front of annealing shows that it is in a low angle side and germanium fihn is distorted from germaniimi 
(400). If it anneals, a peak approaches germanium (400) and is in agreement with the diffraction location 
of germanium (400) by the sample which annealed at 680 degrees C. From this result, that distortion is 
easing completely can say by 680-degree C annealing. 

[0027] As stated above, using the UHV-CVD system, the cap layer was able to be formed after the flat 
growth by hydrogen surfer TATANTO, and the crystalline good fihn with a flat front face was able to 
be grown up by performing elevated-temperature annealing treatment fiirther. 
[0028] germaniiun film which is two or more examples, and was made and formed is carrying out grid 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



6/16/2005 



JP,10-256169,A [DETAILED DESCRIPTION] 



Page 5 of? 



relaxation, and since there are very few rearrangements which moreover penetrate the inside of 
germanium fihn, even if it forms germanium fihn still more thickly on this, a defect does not newly 
occur. This is not different from growth of germanium on germanium substrate. Then, 1st germanium 
fihn and 2nd germanium film were formed as follows. 

[0029] As the 1st step, 1st germanium film whose thickness is 200A was grown up in the substrate 
temperature of 330 degrees C, GeH4 flow-rate 20sccm, and growth time amount 40 minutes, and, 
subsequently thickness formed the SiGe cap layer lOA or less in the substrate temperature of 330 
degrees C, GeH4 flow-rate 20sccm, Si2H6 flow-rate Isccm, and growth time amount 5 minutes. Then, it 
annealed for 10 minutes at the substrate temperature of 680 degrees C within the UHV-CVD system for 
relaxation of distortion. Next, as the 2nd step, thickness grew 2nd germanium fihn which is 5000A in 
the substrate temperature of 380 degrees C, GeH4 flow-rate 20sccm, and growth time amount 100 
minutes. 

[0030] The TEM photograph of the cross section of germanium fihn which grew up to be drawing 6 and 
drawing 7 on Si substrate is shown. There are few rearrangements and crystallinity is good so that 
drawing 6 may show. Although drav^ng 7 is the expansion TEM photograph of the interface in drawing 
6 R> 6, it tums out that the rearrangement is carrying out localization to the interface. Moreover, 
although many misfit rearrangements exist, there are few penetration rearrangements. 
[0031] After growing up the thick film of the 2nd germanium on 1st germanium film which carried out 
example 3 grid relaxation, if annealing (the 2nd annealing) is again performed at the last, crystallinity 
will become still better. This is because annealing out of the penetration rearrangement of the fraction 
which remains is carried out by the 2nd annealing. Then, 2nd germanium film with a thickness of 3000A 
was grown up, subsequently the cap layer was prepared, the 2nd annealing for 30 minutes was 
performed at 850 degrees C after that, and the effectiveness by the existence of this 2nd annealing was 
examined. 

[0032] As the 1st step, 1st germanium layer whose thickness is 200 A was grown up in the substrate 
temperature of 330 degrees C, GeH4 flow-rate 20sccm, and growth time amount 40 minutes, and 
thickness formed the SiGe cap layer lOA or less in the substrate temperature of 330 degrees C, GeH4 
flow-rate 20sccm, Si2H6 flow-rate Isccm, and growth time amoimt 5 minutes. Then, annealing (the 1st 
annealing) was performed for 10 minutes at the substrate temperature of 680 degrees C within the UHV- 
CVD system for relaxation of distortion. 

[0033] Next, as the 2nd step, 2nd germanium fihn whose thickness is 5000A was grown up in the 
substrate temperature of 380 degrees C, GeH4 flow-rate 20sccm, and growth time amount 100 minutes, 
and, subsequently thickness formed the SiGe cap layer lOA or less in the substrate temperature of 380 
degrees C, GeH4 flow-rate 20sccm, Si2H6 flow-rate Isccm, and growth time amount 5 minutes. Then, 
the 2nd annealing was performed for 30 minutes at the substrate temperature of 680 degrees C within 
the UHV-CVD system for the crystaUine improvement. 

[0034] Drawing 8 is the spectrum of the X diffraction of four crystals in which the effectiveness of the 
2nd annealing is shown. It tums out that half-value width becomes [ the direction at the time of 
performing the 2nd annealing ] narrow, and the peak location is approaching germanium (400) location. 
Thus, crystallinity improves by carrying out the 2nd annealing. 

[0035] The TEM photograph of a cross section is shown in drawing 9 . When drawing 9 (a) does not 
perform the 2nd annealing, drawing 9 (b) shows the case where the 2nd annealing is performed, and 
both thickness is about 2900A. When (b) is compared with drawing 9 (a), it tums out that the direction 
which performed the 2nd annealing of drawing 9 (b) clearly has few rearrangements. 
[0036] On crystallme good germanium film stated to four or more examples, Si layer can be formed 
evenly. So, in this example. Si layer was formed as follows. 

[0037] First, 1st germanium film of 400A of thickness was grown up in the substrate temperature of 330 
degrees C, GeH4 flow-rate 20sccm, and growth time amoimt 70 minutes, and, subsequently the SiGe 
cap layer of lOA or less of thickness was formed in the substrate temperature of 330 degrees C, GeH4 
flow-rate 20sccm, Si2H6 flow-rate Isccm, and growth time amount 5 minutes. Then, the 1st annealing 
was performed for 10 minutes at the substrate temperature of 720 degrees C within the UHV-CVD 
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system for relaxation of distortion. 

[0038] Next, 2nd germanium film of 3000A of thickness was grown up in the substrate temperature of 
355 degrees C, GeH4 flow-rate 20sccm, and growth time amount 100 minutes, and, subsequently the 
SiGe cap layer of lOA or less of thickness was formed in the substrate temperature of 355 degrees C, 
GeH4 flow-rate 20sccm, Si2H6 flow-rate Isccm, and growth time amoxmt 5 minutes. Then, the 2nd 
annealing was performed for 30 minutes at the substrate temperature of 730 degrees C within the UHV- 
CVD system for the crystalline improvement. 

[0039] Finally, Si film of 2000A of thickness was grown up in the substrate temperature of 660 degrees 
C, Si2H6 flow-rate 20sccm, and growth time amount 10 minutes. 

[0040] Although it grew up to be drawing 10 and drawing 1 1 with what is not growing Si layer, 
respectively, the TEM photograph of a cross section is shown. Although drawing 10 performed the 2nd 
annealing after growing up 2nd germanium film with a thickness of 3000A, it is a TEM photograph. 
Actual thickness is about 2900A, the fi'ont face on germanium film is flat, and there are few 
rearrangements in the fihn. Although drawing 1 1 performed the 2nd annealing after growth with a 
thickness of 3000A of 2nd germanium film and grew Si layer on it, it is a TEM photograph. The 
thickness of germaniirai fihn is about 3200A, and the thickness of Si layer is about 2400A. When 
drawing 10 is compared with drawing 1 1 , even if it grows up Si on germanium fihn, it tums out that the 
rearrangement in germanium film does not increase. Moreover, although many rearrangements are seen 
in Si layer, it has not escaped from the rearrangement in Si layer to germanium fibn side. Therefore, the 
crystallinity of germanium fitai does not collapse with growth of Si layer. 
[0041] Drawing 12 is the spectrum of the X-ray diffraction of four crystals which compared the 
existence of Si growth on germanium fihn. Peak value has fallen [ the direction which grew Si on 
germanium fihn ] from this drawing. This is the result of growing up Si upwards. However, since a 
change does not ahnost have both about half-value width, even if it grows up Si on germanium film, it 
tums out that the crystallinity in germanium film does not change. 

[0042] When germanium can be prevented from exposing to a front face and forms such structure by 
forming the above structures using Si process industrially, it can prevent germanium's melting from a 
front face and polluting a broth and a process line. 

[0043] Example 5 drawing 13 shows typically the manufacture process of the device (SiOEIC:Si Opt- 
Electric Integrated Circuits) by this invention. First, the component sections for a drive (silicon device 
for drivers), such as pre amplifier and a discrimination decision circuit, are formed according to the 
usual silicon process on Si (100) substrate, and it is a wrap ( drawing 13 (A)) by the oxide film about the 
whole surface. Next, the mask of the component section for a drive is carried out by the resist, and a slot 
with a depth of 1 micrometer, a width of face [ of 30 micrometers ], and a die length of 500 micrometers 
is established in a silicon substrate by dry etching ( drawing 13 (B)). The sidewall of an oxide fihn is 
formed in the above-mentioned slot side face with etchback after tiiermal oxidation. At this time, silicon 
is exposed to a groove bottom side. Furthermore, arsenic is injected into this base by the ion 
implantation, and about [ 2x1 01 9cm - ] three n type layer is made. 

[0044] After chemical cleaning removes contamination of a groove bottom side, the PIN diode which is 
a photo detector is formed in above-mentioned Mizouchi with selection epitaxial growth ( drawing 1 1 
(C)). The UHV-CVD system of silicon was used for growth. 1st germanium layer of 400A of thickness 
was grown up in the substrate temperature of 330 degrees C, GeH4 flow-rate 20sccm, and growth time 
amount 70 minutes, and, subsequently the SiGe cap layer of lOA or less of thickness was formed in the 
substrate temperature of 330 degrees C, GeH4 flow-rate 20sccm, Si2H6 flow-rate Isccm, and growth 
time amount 5 minutes. In order to secure selectivity at this time, C12 is once supplied for 30 seconds in 
20 minutes of growth of germanium. Then, the 1st annealing was performed for 10 minutes at the 
substrate temperature of 720 degrees C within the UHV-CVD system for relaxation of distortion. 
[0045] Next, 2nd germanium layer of 9000 A of thickness was grown up in the substrate temperature of 
355 degrees C, GeH4 flow-rate 20sccm, and growth time amount 300 minutes, and the SiGe cap layer of 
lOA or less of thickness was again formed in the substrate temperature of 355 degrees C, GeH4 flow- 
rate 20sccm, Si2H6 flow-rate Isccm, and growth time amount 5 minutes. In order to secure selectivity at 
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this time, C12 is once supplied for 30 seconds in growth 20 minutes of germanium. Then, the 2nd 
annealing was performed for 30 minutes at the substrate temperature of 730 degrees C within the UHV- 
CVD system for the crystalline improvement, 

[0046] Finally, at the substrate temperature of 660 degrees C, flow rate Isccm is supplied for Si2H6, 
flow rate lOsccm (1%H2 dilution) is suppUed for B-2 H6 for 100 seconds, and C12 is supplied for 30 
seconds. The 2xl019cm-3B dope silicon layer with a thickness of 2000A was formed by repeating this 8 
times. 

[0047] Next, the silicon substrate of the part which fixes an optical fiber was etched over a depth of 63 
micrometers, and width of face of 125 micrometers, the optical fiber was fixed so that the core section 
might serve as the same height as a light sensing portion, and structure which introduces light in parallel 
along a front face was formed ( drawing 13 (D)). 

[0048] When each part electrode is formed, in order that there may be no level difference in a firont face, 
there is no cutting by the level difference of wiring, between Si devices used as a light sensing portion 
and a driver can be connected, and these can be formed in the same chip. Moreover, since there are few 
defects in germaniimi fihn, there is little leakage current resulting from a defect. Furthermore, a defect 
produces germanium fihn of a light sensing portion by elevated-temperature heat treatment in the silicon 
device section formation process which serves as a driver since it can grow up to be the last of a device 
process, and it does not become the cause of dark current generating. Furthermore, since a PN junction 
will be completely covered with a side-attachment-wall oxide film in process of selection epitaxial 
growth, there is also little generating of the dark current resulting from junction leak. The capacity of the 
avalanche photodiode at this time was 0.3 pF/mu 2 at the time of lOV seal of approval. Drawing 1414 
shows the relation between the reverse bias of this PIN photodiode, and the dark current. The thing of 
Appl.Phys.Lett.49 volume and a mesa mold as shown in 809 pages (1986) is collectively shown for a 
comparison. There is little dark current of the avalanche photodiode embedded with selective growth, 
therefore it is high so that clearly from drawing 14 . [ of sensibility ] Moreover, since there are few 
rearrangements penetrated to a light sensing portion, there is little dark current like the PIN diode made 
to germanium substrate. Nd of 1 .3 micrometer wavelength: The receiving sensibility of this photo 
detector when sending the pulse of 140ps(es) of an YAG laser was as good as -36dBm, and was the 
same as that of the PIN diode made to germanium substrate. Furthermore, it connected with the driver 
and amplifier which were made around the light sensing portion, and confirmed that a light-receiving 
circuit operated as one. 

[0049] Although the above example described the case where it was in a light sensing portion with a 
PIN diode, even if it was with the avalanche photodiode, it confirmed that the same effectiveness was 
acquired. 

[0050] As mentioned above, although the case of growth of germanium on Si was described, the same 
thing was confirmed also in growth of the Sil-XGeX mixed crystal on Si. However, as for the mixed- 
crystal ratio X of Sil-xGex used for a cap layer, it is important to make it the shape of a layer at the 
relation of y>x compared with the mixed-crystal ratio y of Sil-yGey which carries out thick-film 
growth. If there is nothing in such a relation, in order that it may pull on a front face and distortion may 
not start, island-ization will take place. Furthermore, although this example described the silicon 
substrate top, naturally it is [ that a single crystal Si should just be shown in a substrate front face ] 
possible also at a SOI substrate. 
[0051] 

[Effect of the Invention] According to this invention, there is no penetration rearrangement into the fihn 
and the germanium fihn or silicon germanium mixed-crystal film with a flat front face which carried out 
grid relaxation completely can be grown up on a silicon substrate so that clearly from the above 
explanation. Furthermore, this invention can raise the homogeneity of membrane structure and can raise 
the property of a device. 
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[ 0 0 2 2 ] 02 tc, m^m^<r>tzlibcr,T=--Mk<r)G 
e KcO*t®$r S i G e ^ -v -y r®tfO**lfJt«! L/:: S E 
M^t:wt (eaO'CXlOj^^iUm) , (a){i^ 
^•yrii*itev^«-&. (b) J±df^-yr®5rJBfigL^ii 



emcrmmiZS iGe^x yym^BifXT--/U-ti, 

tifz. 

[0023] mz. yyy^ittGemm ■ r--)v 
7i^yv7Xhh. Gem m^m) (^^^^mtw^ 

iaS330'C, GeH48SS2 0sccii. SiGe^-v-y 
ym<r>^^^\iG e H4giJ*2 OsccB, S i j HeSS* 
Isccm, ^m^3%Xhh. GeJ^*n OOAT' 
{4, r--yl'iaK5 8 0*CTT>f ^yK-fkLTLio 

4 0 0 kX'\ir--)VT^i 3 ox;T-^ffi{4r-f ^ 

yY\t^^mX'^h, ::<7)^«J:0, GeM5:i*<W 

[0 0 24] t^:, ^-f •y'rm(r>m^i:m<TtH£. J: 

$<i>tcGeSrJl<Jgfig-ri,%^(c{4, Kiico^igt ^ 
i><50f. -?-(?):^{4^A"yr®<7)/f$«45~2 0A*i® 

[002 5] ^X^Z. {Sii&X'&^LfzGem^Z^^^-yym 
^mmt. ^cr,ikcOT~-Jl^i:^'i\:^^i:fzmcOGe 
BS<7)ifeStttc:ov^TTEMtcJ: Ot^LitJgmtCov^T 
j*'^^. 04 ( a ) ~ ( c ) ii^ti^tl. T~-fl'm. 
4 3 0*C- 1 0^}-, 6 8 0*C- 1 0-^J-cOT--;US-fi=o 

( a) {4, mm*m2 1 0AT'a®tC(4r>f 5VKA^'» 

imm'^'iB^mx'h^. ztm. ^M'P. m 

MM^m^^^^Ztti^iot^h. 04 (b) {4, 04 
( a ) «0|«$2|S:4 3 O'CT'l O^ST--/PLJtimT' 
BS^(4*«;2 5 0ATft4. (a) i:itlS^«.i:, ^m<0 

s^xy 4 ■•/ hmm^mx.. mMmm^m'j'-Lx\<^^:ik 

tfihiJ>h, 04 (c ) {4, 04 (a) crMM^^bSO 
•CT'l 0^f^T--)Vl,fzMmX\ I^J1J4$<>1 90A-C' 
hh. 04 ( a ) ^ ( b ) <r)mAt]t^X. KGA^'-^B 
<7)t :i^fzmzm^LXii 0 , MB^Btt<7)ftv^)M*^^#<^>^^. 
fzZtti<hi}>?>. 04 (a) — (c) J:0, r--;U-r 
S c: i: fc: J: oT >y MiS<2*<^ SaUKfij&t^ 

ij'^-f-.g.ifc*^'i5*»s. $'?>i3, T--/i'ia]g{4r--f 

[00261 05{4, r--;UH9f*<?5Xi|R[lIifi-X'<^' h 
Jl-X'h^. r--yHll£7)se^<7)e-^{4, Ge (4 0 

0) x^i&nmizhK>, Gemt<mA.X'\>^hzti7jkL 

TV^S. r--;l'f •&i:f-:?{4Ge (400) liZiSriS 
# , 6 8 0'C-CT--/H.;tl««r»4G e ( 4 0 0 )<0 

mwest—scLt: co^sj:'), 6 8ort'<o 

T~-i\^Xim^i3^^±izimi LX\>^hZtii^\yz.h. 
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[0 0 27] a±.l,zm'<fzXolZ. UHV-CVD^H 
[00 28] II5£^J2 

if>. Z(0±iz^ Gemi:^^izm<m^LXhmf::izX 

^^t^h(:>^\,\ ^ZX\ d^coXolCLXmicOGe 

[0 0 2 9] mi^tLX. mm^SSO'C. Ge 
H,Sa2 0sccin. ««^fSl4 Ot»--C, J^7!»<200A 
cr>mi<r>Gej^^:&J^L, iJCV^T'^iSSSSO-C, G 
e H,g5ft2 Osccm, S i iHgSa Isccm. ^^R^HS 
^X\ ^*«1 0 AWTOS i Gedf A- -yraSrJ^^L 
tZ. •e<Of^, m:^<7)m^<7ifC:l^l,Z. UHV-CVDSia 
f*IT'S«ajffi6 8 0-CT'l 0^raT--;H.3t. iXizm 
2m'fcLT, a«aK3 8 0'C. GeH4SES2 0scc 

oorjj-T, mmi/^5ooox<om2coG 
[00 3 0] ia62w/ia7{c, simm±iz^ALfzG 

6i,ziHf^^m(r>WckTEM^X'S>^i}\ ^Hij^^m 

[003 1] mmm3 

m^m^itfzm l <0G e J10±IC||2 cog e C7)jf I^IK 

S!t<^mai6{2*^m 2 tfor--;utc j: o t r--;wr h 

^ixi>i)>t3T$>h. -eciT. Jl$300 0A(?D^2<OG 
eMSr«:Rt. d:^^X'^^' yymimf. ^cr>ik8 50 
•CT'3 0:ii-<?om2«OT--;PSrm\ C:cOll2tfOT::i- 

J: SSftmS-^IW Lit . 
[0032] mSPgt LT, S:Kag3 3 0'C. Ge 
H4M»2 0sccin, ^M:m^40-»X\ MJ?*>'2 00A 
Olll<7)Ge«$rfiKftt. a«ae3 3 0-C, GeH* 
gS«2 0scciB. S izHBgSailsccB, m.M:^5i^X\ 
0AI31TC0S i Ge^^ yrMSrmLJt. -f- 

(Ti^k. ^:ft-<r>ma<r>fzib\,z^ uhv-c vD^iartfa 
«iaS6 8 or-c 1 o^rar--;i' (is 1 <^r--;u) 

[00 3 3] »:tcm2S^t LT. S«iaig3 8 0X:. 
GeH4Drift2 0sccm, ^ft^^l 0 0^T\ JK11**5 
0 00 A<?)^ 2 iOGe <J:i^TS«iaS3 8 
0°C, GeH,g£g2 0scciD. S i aHegJglsccm, ^ 
^^f^5^X\ 1 0 AlilTOS iGe^-T vTm 



^mm.nx'mmm.e &ox:x'3 0^^, y^2<nr=~- 
[0 0 34] 08«. w.2<nr~-i\^<m^^7i^A^ 

'>fzmi^<7iiHi'^^mmim<ts: o . M-^'smj^G e 

(4 00) {aSCi6r^(,^TV^i,C:i:*5i)*>5. icoid 

[0035] 09fcliiffi<7)TEM3|:S$-^-r. 09 

(a) «ll2<^)r--/^5:^Ti?^:*»o7tJ^. 09 

(b) {ill2^7)T--;^S:^f-5^J^$r*L. )Sff<i:fc' 
^.^>t>*«j2 9 0 0A-C-S>S. 119 (a) i: (b) SriWS 
^Si:, B^'?>*HcS9 (b) 0|g2«7)T--yW^4toyt: 

[0036] SIS£094 

Ja±{C3^'^7tilSait<^)ftV%GeK±Wi. SiS^Tffl 

[0 0 37] ^-r, S«ag3 3 0'C, GeH4lS[42 
Osccm, ^m^l 0-9tX\ )KJS4 0 0A<omi<OGe 
J^Sr^^RL. »:v^-C'«:Kiag3 3 0'C, GeH48iE*2 
Osccm, S izHeSSaisccm, WL&^^S^X'. 1^1 
OAmT<OS i Gedf^-yrJgi&?g^t;t. ^-tOf*. ^ 
;^«-COi^Wc7)f^a!^(C, UHV-CVD^Bl*IT'»Kag7 
2 0x;t-i OtJi-ra. mic?)T--;l'$:fi=-?7t. 

[00 38] a^lC, »;Kiajg3 5 5*C. GeH48iE*2 
Osccm. fR:RB#Sl 0 0^T\ M/I3 0 0 0 Ac7)m2<7) 
GeK5:^«L. }^:^r^rSmaS3 5 5°C. GeH,^^ 
fi2 0sccm, S ijHeSilftlsccm. fi£;R^H5^T\ M 
Jf 1 0A131TOS i GedfA-'/rilJrJg^L/c. 
f*. ^mim<r>fz)i^{Z. UHV-CVD^SrtT'«« 
iaK7 3 0°CT'3 0:})-©. |g2cor--/l'€rfi=o;/::, 

[0039] ««fiJS6 6 ox:. S i zHeSS* 

2 Osccm. ^:KB*S 1 O^Xt^ WkW2 0 0 0 A«?5S i 

[0040] HI OSt/Hl 1(C. -efl-f^T., S ia$r 

S-^-r, 01 Oti. ;5$3 00 0Ac7)|g2<7)Ge)^Sr^ 
^izf^ 2 <7)T=~-)V^'irr> tzh<^cr>TEm ^KT'$> 

h. ^<7>w^\,m29ookx:h*). Gemijnmm 
iiw-m.\ m^^nrnmi^ytc^,^. 01 1«, w$3oo 

0 A<0|g 2 «0G e l^iOfigfti^tCll 2 COT ::i-;U$r^T>' \ 

e ^C0]^<i*«j 3 2 0 0 AT-. Si m<^mj^im 2 4 0 
OA-C$>S. 01 Oi:01 1 ^m-rSt. GeK±{C 
Si5:^:^LTt, G%^dp<n^mmmL^j:\>^:ittii 

i>i)^h. tfz. sim'fizii§'<ffmm.tfi^t:>tii>ifi. 
sim'p(7)^miGemmiziim-fx\>^^\>\ m-ox. 

S i ii<Ojjg;RC J: o -C G e IS«0^fBtt<± < -f ^i.=5:c \ 
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[0 04 1 ] 01 2{i, Ge^iCOS ifR^ScOW^^Jt 
[0042] a±.(r>i5^mmt:m^'thZbl,Z^r). 

G e tfimmizmta l^v> j: -5 t=-c'# . xmmz s i m 

[0043] ||M^J5 

mi 3ti. *56WcJ:-l)-r>'NMx (S i OE I C : Si 

Opt— Electric Integrated 
Circuits) tf0^ro-feX^:^^W{C^L/it> 
t-r. Si (10 0) »^t::a?l?«OS/'U n 

^iiD^S-fl:JltcJ:^-CSp (HI 3 (A) ) . 

7-fX'y^>^tCj;-5-C, gii$l/im, i|i30//m, 
$5 00;t/mC03i&>'U3y»KlCig{tS (013 

(B) ) . mStitm. X.y^yN'.y:7lCj:oT. fr^fiOM 

&mi>zii>''j^y^mtii-ti>. ^hi,z. zcommiz^:^ 

yW<izJ:-oXmm^^L, 2X1 0»9cm-3gS<7) 
[0044] -ft^a?f J: o L7t 

il?xe^'dfi^^;HS«t=J:oTJ^Bfe-r5 (01 1 

(C) ) . ^^RtCJiv-UrJ^'COUHV-CVD^aS-ffl 
V^;^v:. S«jajg3 3 0*C, GeH4SLa2 0sccm, 

i^rsiTo^r. mm4ooA<omi(r>Gemi^^L. 

<X\''^TmmSM3 3 0-C^ GeH,8iia2 0sccm, Sij 
HeSaisccm, f&^f^m5^X\ mWl OAOTCOS 
iGe^-r'yrm^rm&Lfz. Z<r)t^. aS?tt2:5i« 
■tlfzif^iZ^ Ge<0«:gi02 0t}i'tClS> CliSrSO 

fm^-tt. ^<r>m. m.ifi'<r>ima<r>tzisb\,z^ uhv-c 
V D^Srt-C'»«iaK 7 2 0 -c-c- 1 0 tjj-^. m 1 cT^r^ 

[0 04 5] mz. Wm§JS.3'=>5'C. GeH,gLS2 
Osccni, ^:^B#S3 0 0^T\ JSii?9 0 0 0 Ac7)ll20 
GeJSS:^:RL. Sl^S«iaS3 5 5X:, GeH,8f[S 
2 0 seem, S ijHsCSfilscem, figm^S^-C, KJ* 
1 0AiaT<7)S i Gedf+"/rSS:?BfiKtJt. CliOi: 

^ . m.tmi:-mk-th fzMz , g e <7)m^ 2 o ^tc i 
c i^s-sosfftj^-ts. -e-<^f*. ^ik^m^fz 

^n. lS2<or--;^^^^To7t. 



[0046] mklZ. S«2aK6 SO-CT'S IzHs^SS 
ftlsccm, BzHsSrcSfil Osccm ( l%H24ftiS?) 5r 1 
OOB.«ttJ&t. Cl2S:3 08^J&-r«.. ^^^5:8I2]^ 
•?)I-rCi:tCJ:-5-CJ¥$2 000A<7)2x 1 Qiscm-s 

[ 0 0 4 7 ] JXC, 3167 r >f SrSI^-rS ^^(Oi^'J 
^>miRi:m^e3Mm. i|Bl2 5>umtCj§f-oTX.yf- 

^b^j:hj:d izm^ L . ^^:mmizm^x^ni>zmx-t 

SJ:a^t8Jt$rJ^figt^c (HI 3 (D) ) . 

\>^tzibi,z. m^cr>&m:i,zj:^mmtm<. ^^tVy 

'f^^'-^:^^S i7^A^x|a5:S|<'Ci:A«-C'#, Cii^> 

im-^- yyp^izm^-r^zbti'X'^t. tti. G^m 
'piziixmm-^j:\'^fziib. xmzmm-h v-:^mm^ 

iP-^V^, $t>lz. g3ta5cOGeK5r7-VNMxxmt7)fim 

^m^mi,zt6if^-mi^mmizx ^xm*<^txmm. 

JRxb-:? ^ ^-A-^HS^^cOjS^T'iaiSK^lJllc J: o 
l,zmt>iiX Lto Jti6l::«-^ U - ^' fcrjg&T S HimSg<o 

lOVepnl^O. 3pF/'jLt2T-«)-5/i. H 
14«, 2|s:P I N7:r hy'f^-F<?Dj£A'f TXiBf^ 
sSi:<50Wf^$r^L7tt<7)T-$>l). Appl. Phys. 
Lett. 49^, BOg^-i^' ( 1 986^) 

•r. mi4t-hm^t-^d:^oiz. ss^^fttcctoxsj^ 
*«ij'^^:i/^?t«>(:. BsmmiGemmtzi^'^tiPiNr'i 

:^-VbmmZ'J'-'^\,^. 1. 3A£injfe:SfiONd : YAG 
U—- 1 4 0 p s c7)y'<yU>?.SriMo Jt i: # tfO^^^tS 
"^(O^mmmit. -3 6dBmbRmX'$)*). Gemi 

t,zi^-ofzP I Ny-(:^-}^bmmx'h-ofz. ^t^i,z^ g 
TfegPiaiatcf^^^siF^-^/N'-, r^-rts^gt, -^b 

tXS:^^^tf^imti>Z b SrSlAWv: . 

[00491 a±.<^mmmTii. ^^izp i Nr-f 

- F 2: t> *> V I ^Ta'^fc*^ TV < 5 V X 7 

*Fr5^^ 3r-F$:t^pi^Tt>|S|«<^^**<;t ^ix^Zb 

[0050] Jail. S i ±<7)G e iO«:acO«-^tC-^V>T 
^-^Jt *^ S i ±C0 S i , . X G e X ^ ''T t> 

|3I«T$>5 C: b ?:5I*»46^. =5f A- •/ rStcfflV^ 

SS i,.,Ge.^?gB^HJtx{i, ««tCfl[llfigft-ri. S i 
, . , G e .coigB^Bity ^c:ifc^T y > xtfOWStc-T •& b *^ 

««igceicmii$s s i ij^httUR < , s o I s«iT' t a 
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[00 5 1] 

X. i^uaymL±izm^yiU'?-^Aiigi?:m^L. ^ 

[02] r--;W^C5G e ffi<7)tt® ?r S i G e A- >y r 

( ( a ) jidf.^ .y 7'a;*itev%%^, ( b ) V rm 

[03] T-^yyv<ttGemm-T-~jumit<^m 

m?:^-t^^yx'hh, 

[114 ] T--/\^mm<r>mi(^mm(r>TEM^M (mm 

im^M) X't>h ( ( a ) T-~fUm. ( b ) 4 3 ox: 
-1 O^i-, (c) 680*0- 1 0-^) . 

[06] Si S«±Icb£:R L/C G e JSc7)IBr®<0T E M^i: 



[07] 06tfc»t&#BB<^^TEM^ (HB-ftffl 
[08] ll2<7)r--;UcO*iE5:it®L/c4^S<OXMl 

[09] l|2^r)T--/WOS**$r*-rBfffii^TEM^S 

(0BDf^¥S) t'ft-S. ( (a) mmT--)V^'^-> 
X\^ts:\^^^. (b) af*<or--;l/S:fi=-5^i©^) . 

[010] GeM±t-S i«$:^;RtTV^^:V^t<^)<^Br 
BCOTEIVI^K (0ffif^^?«) -CfcS. 

[011] GeM±tCS i ^)««t7tt<Of5Brffl<OTE 

[012] Gell±OS ifi£«(^**|$:it!KL^4i^a 
[013] i -&r^^'-f xc^^!!iS7-D-b::<.co«iC 

[014] P I N7:t h^^Jt-h'c7)i£y<>f r;^i:Bg« 
SSi: $-S^'r0-Cfc S . 
[l^-^coSiB^] 

11 V- U n L < fii^ U :3 y y/l^'?::^'? ASS** 
4>=5r-i>l6Sii 

12 i^')^ym&. 

1 3 iit^^'yPvrin^AM 

14 yxn^y-^yxm 

1 5 

1 6 JJtttefiE 
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[HI ] 



11 •>ij3>t>L<li 



(a) 



14 ^PO>--f V^flB 



13 ;i4^y;L'V^'>-^K 
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